Saphenous vein graft (SVG) degeneration and occlusion over time undermine the long-term benefits of coronary artery bypass graft (CABG) surgery. Percutaneous coronary intervention (PCI) is the preferred treatment of SVG stenosis.
Saphenous vein graft (SVG) degeneration and occlusion over time undermine the long-term benefits of coronary artery bypass graft (CABG) surgery. Percutaneous coronary intervention (PCI) is the preferred treatment of SVG stenosis.
1 SVG intervention is a challenge. The soft and friable plaque characteristics of graft lesions tend to embolize distally resulting in slow flow/ no reflow 2 and periprocedural myocardial infarction (MI). A 10-fold increase in hospital mortality is reported. 3 Distal embolization is difficult to predict.
4
There is no specific treatment for it except its prevention. The only approved methodology to prevent distal embolization is the use of embolic protection devices (EPDs). However, use of EPDs is not without complications, and increases the procedural time and cost for the patient.
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Abstract
Background Distal embolization is the detrimental factor in SVG intervention. There is no specific treatment for it except prevention. Guidelines have endorsed the use of embolic protection devices; however, their use is not without complications, and increases the procedural time and cost for the patient. The objective of this study is to analyze the procedural results and immediate outcome in de novo SVG stenting. Methods A retrospective observational study of patients who have undergone SVGpercutaneous coronary intervention at our institute. Baseline clinical, demographic data, intervention details, and in-hospital events are analyzed. Statistical analysis was done using Mini tab version 17. Chi-square testing, odds ratio, and 95% confidence intervals were calculated. Results The study population included 96 lesions in 80 patients. Average age of the graft was 8.2 AE 4 years. Embolic protection devices were used only in 10%. Angiographic and clinical success was seen in 92.5%. Distal embolization was seen in 7.5%. Drug-eluting stent and shorter stents were associated with lesser distal embolization. Stent length (> 20 mm) proved to be an independent predictor of distal embolization. There was no correlation between distal embolization and age of patient, sex, hypertension, diabetes, and smoking, left ventricular function, age of graft, direct stenting, use of embolic device, and glycoprotein 2b/3a inhibitors. Conclusion De novo SVG lesions can be stented with a high rate of angiographic and procedural success. Stent length is the only independent predictor of distal embolization. SVG interventions can be safely done in the absence of embolic protection devices irrespective of the graft age.
Materials and Methods
This is a retrospective observational study of post CABG patients who underwent stent deployment to stenosed SVG at our institution from June 2010 to June 2016. Baseline clinical, demographic data, and in-hospital events are obtained from hospital records. Only de novo SVG lesion was included. Patients with in-stent restenosis of the SVG graft were excluded. The type of lesion, location, and degree of degeneration were studied from diagnostic angiograms. The implantation technique, access site, details of hardware used, guide catheter, guide wires, balloon dilatation, type of stent, size, length, and deploying pressure of the stent were analyzed. Ancillary use of antiplatelets, anticoagulation especially glycoprotein 2b/3a (GP2b/3a) inhibitors was noted. The use of thrombus aspiration, EPDs, and any other device used was taken into consideration.
Angiographic success was defined as < 50% residual diameter stenosis with thrombolysis in myocardial infarction (TIMI) flow grade 3. Clinical success was defined as angiographic success without in-hospital complications (death, Qwave MI, emergency CABG). Emergency CABG was defined as CABG performed within 24 hours of the index percutaneous procedure. Distal embolization was assumed when there was no reflow, slow flow, or an abrupt cut-off in one of the distal coronary artery branches. No reflow was defined as TIMI 0 to 1 flow and slow flow as TIMI 2 flow. Pre-and post-intervention 12-lead electrocardiogram and blood samples were acquired for creatine kinase (CK) and its myocardial band (MB) fraction enzyme estimation. Q-wave MI is defined as the presence of new Q waves on the postprocedure electrocardiography and a corresponding rise by at least threefold above normal limits of the serum CK-MB fraction. Non-Qwave MI is defined as a rise by at least threefold above normal limits of the serum CK-MB fraction without the appearance of new Q waves.
Statistical Analysis
Categorical variables are expressed as counts and percentages. Continuous variables are presented as the mean AE standard deviation. Univariate analysis and binary logistic regression were done using Mini tab version 17 for all descriptive variables. The potential risk factors for distal embolization were analyzed further by chi-square testing; odds ratio and 95% confidence intervals were calculated. A p value of < 0.05 was considered significant.
Results
The study population included 80 patients with a mean age of 61 AE 9 years. Male sex constituted 84%. Hypertension was seen in 91%, diabetes mellitus in 61%, and smoking in 40%. Average age of the graft was 8.2 AE 4 years with the oldest graft being 22 years and the youngest $1 year old. Indications for revascularization were stable angina in 48.75%, unstable angina in 43%, and acute MI in 6.25%. The baseline clinical and angiographic features with lesion characteristics and quantitative measurements are listed in ►Tables 1 and 2, respectively. Stent was deployed in 96 graft lesions. Access was femoral in 84% and radial in 16% patients. Judkin's Right was the most common guide catheter used followed by the Amplatzer Right irrespective of the vessel involved. The guide catheters used in different cases are listed in ►Table 3. A single guide wire was used in all cases. Balloon predilatation was done in 31% lesions and direct stenting in the rest. Thrombus aspiration was done in four patients. EPDs were used in eight patients. The GP2b/3a inhibitor was used in 16 patients. Pre procedure diameter stenosis (%) 86.14 AE 7.4
Pre procedure MLD (mm) 0.45 AE 0.4
Average lesion length 14.5 AE 6.8
All patients received dual antiplatelet therapy: Aspirin with either clopidogrel/prasugrel/ticagrelor. Conventional heparin was the routine anticoagulation. Angiographic success was achieved in 92.5% of the patients. Distal embolization occurred in 7.5% patients. No reflow was observed in two patients and slow flow in four patients. Ten patients had periprocedural minor elevation of cardiac enzymes, while three patients had periprocedural non-Q-MI. There were no cases of in-hospital mortality or emergency CABG. Procedural details and outcome are summarized in ►Table 4. Access site minor complications were detected in two patients (femoral hematoma) which resolved with conservative management. Hemoglobin drop of $1 g was seen in three patients but none required transfusion. Contrast-induced nephropathy was seen in three patients which recovered without the need for dialysis. There were no cases with coronary perforation/dissection or cardiac tamponade.
Descriptive variable between the two groups, that is, group with distal embolization and group with no distal embolization, has been compared (►Table 5). Factors contributing to distal embolization in the form of slow flow/no reflow and periprocedural MI were analyzed for their significance by univariate (►Table 6) and multivariate analysis (►Table 7). Univariate analysis showed distal embolization to be associated with acute coronary syndrome, femoral access, reduced hemoglobin, increased stent length, and reduced stent diameter. Multivariate analysis showed lower incidence of distal embolization with the use of drug-eluting stent (DES) over bare metal stent (BMS), shorter stent length, and greater stent size. When further analyzed by 2 table chisquare testing and proportional 2 test, only stent length (length > 20 mm) was an independent predictor of distal embolization. A scatter plot of distal embolization with suspected risk factors has been shown in ►Fig. 1. We could not detect any relationship between distal embolization and age of patient, sex, hypertension, diabetes, smoking, and left ventricular function either by multivariate or univariate analysis. Age of graft, direct stenting, use of embolic devices, and GP2b/3a inhibitors correlation with distal embolization were also nonsignificant even by chi-square test.
Discussion
SVG interventions accounts for $5% to 10% of all PCIs. 5 In view of the natural history of SVG patency rate, repeat intervention would be required in $4% of patients by 5 years, 19% of patients by 10 years, and 31% of patients by 12 years after initial bypass surgery. 6 The decision to intervene in a diseased SVG is guided by the patient's clinical status, noninvasive demonstration of ischemia, and presence of significant stenosis angiographically (ACC/AHA recommendations). Saphenous vein graft failure is defined as SVG occlusion (100% occlusion) or ! 75% stenosis of the graft vein. 7 SVG is considered degenerative when characterized by luminal irregularities and ectasia observed distal embolization in 13.6%. In our study, distal embolization was seen in 7.5% patients in par with previous data. Periprocedural CK-MB elevation after successful SVG intervention is common ranging from 15% to 47%. 13 In this study, periprocedural elevated cardiac enzymes was seen in 12.5%, while MI was seen in 3.7%, relatively lesser than previous reports.
There are no definite predictors for distal embolization. Female sex is a significant predictor of poor outcomes after SVG intervention with higher vascular complications, acute renal failure, and high 30-day mortality.
14 However, no study has demonstrated any relationship between gender and distal embolization and this holds true in our study also. No relation could be detected between distal embolization and age of patient, presence of hypertension, diabetes, and smoking. Sdringola et al 2 and Primary Angioplasty in Myocardial Infarction Trial trial15 support thrombus and acute coronary syndrome as predictors of distal embolization. In our study, distal embolization was associated with thrombus and acute coronary in univariate analysis but not in multivariate analysis. Age of the graft did not matter in this aspect unlike angiographic graft degeneration shown in previous studies. [16] [17] [18] Kuroda et al 12 reported that lesion length was an independent predictor of distal embolization in SVG intervention. In this study, we did not consider lesion length as it is prone for subjective and objective variation being a QCA measurement. Instead we considered the stent length which was a more definitive measurement not prone to any variation or error. Stent length proved to be an independent predictor for distal embolization, with length >20 mm associated with increased incidence of distal embolization. Chronic renal insufficiency is a significant predictor of 1 year major adverse cardiac event, target vessel revascularization, and death, but its relation to distal embolization is not established. 19, 20 In the present study, renal insufficiency was not associated with distal embolization. Reduced hemoglobin contributed to no reflow/slow flow in the present study both by univariate and multivariate analysis. This is contrary to the fact that hyper viscosity is a plausible cause for slow flow and not anemia. Anemia is definitely associated with poor outcome following intervention and acute coronary syndrome, but its role in slow flow/no reflow needs to be ascertained in further studies.
Percutaneous treatment of the SVG lesions is a challenge for any interventional cardiologist and several techniques have been tested to prevent the occurrence of distal embolization. Though several pharmacological methods and devices have been tried to ensure distal protection during PCI, none is fool proof.
Balloon angioplasty: Balloon angioplasty of SVGs is currently considered as only a palliative procedure.
21 Implantation of stents in SVG lesion is recommended (SAVED trial) to improve short-and long-term outcomes. 22, 23 In the present study, we excluded cases where only balloon angioplasty was done. Type of stent: There is no role for covered stents for the prevention of distal embolization except to bail out (SYM-BIOT III trial, RECOVERS trial, BARRICADE trial). Meta-analysis of recent randomized and observational studies (RRISC, SOS, ISAR-CABG, BASKET-SALVAGE, DIVA) has shown that DES scores over BMS in terms of lower target vessel revascularization and target lesion revascularization. However, only one study has shown DES to be associated with improved short term which was attributed to increased stent thrombosis in BMS group. Our study shows that implantation of DES in SVG lesions scores over BMS in terms of reduced distal embolization.
Direct stenting: Stenting without preliminary balloon dilatation or preparation was proposed to reduce the risk of distal embolization in SVG interventions. The hypothesis was that the stent would act as scaffold to trap the friable tissue of the plaque before balloon dilatation and reduce its fragmentation. Leborgne et al 24 and Lozano et al 25 proposed that direct stenting should be preferred whenever feasible in SVG stenting especially when a distal protection device cannot be used as direct stenting scored in terms of distal embolization. The present study failed to show that direct patients. In the present study, distal EPD was used in eight patients. Though no incidence of no reflow/slow flow was observed in these 10% patients, no statistically significant correlation with distal embolization protection could be established with their use. Unfortunately, no reflow is still seen despite the use of protection devices which could be the result of emboli during primary crossing, incomplete capture or during device retrieval due to injury at deployment site, small particles, or filter overload.
31
GP2b/3a inhibitors: The EPIC trial 32 first favored the use of abciximab therapy during percutaneous treatment of SVG lesions. However, a pooled analysis of five randomized trials of intravenous GP2b/3a inhibitor in SVG proved no benefit in terms of individual or combined end points either at 30 days or at 6 months. They were associated with an increased incidence of major and minor bleedings. 4, 33 Their use in combination with EPDs was associated with superior performance with reduced occurrence of no reflow periprocedural ischemia and distal embolization in a few studies, 26, 27 but this requires further clarification. GP2b/3a inhibitor was infused in 20% patients in the present study but proved no benefit in terms of prevention of no reflow/ slow flow. Prophylactic administration of intragraft adenosine does not decrease the risk of slow or no reflow, though multiple high doses can reverse it. 34 Prophylactic intragraft administration of verapamil tends to reduce the occurrence of no reflow compared with placebo. 35 Intracoronary nicardipine has shown to be promising in preventing no reflow in SVG interventions in the absence of distal embolic protection.
36
In our study, intravenous nitroglycerine was used periprocedural in 28 cases but failed to show any correlation with prevention of distal embolization.
Conclusion
Stent implantation in patients with de novo SVG lesions can be achieved with a high rate of angiographic and clinical success. The risk of distal embolization is present but can be minimized by choosing DES and shorter stents. In the Indian population, SVG interventions can be safely done in the absence of EPDs irrespective of the graft age. In the current era of better stents, improvised PCI hardware, favorable natural history of SVG disease due to improved vein harvesting techniques, and medical therapy, the role of distal protection devices in SVG intervention needs to be redefined. Further large-scale randomized trials need to reassess the use of EPDs in SVG intervention.
Limitation of the study
The limitations typically encountered with retrospective studies are applicable here. No follow-up data are considered to study the restenosis rate which is another limitation of SVG lesions.
